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Asymmetric Memory Cell 

BACKGROUND 

Conventional electronic memories may be implemented by arrays of discrete 
memory cells. Many types of memory cells and many systems for writing a value to and 
5 reading a value from a memory cell currently exist. 

FIG. 1 shows a cross-sectional view of floating-body dynamic random access 
memory (FBDRAM) memory cell 1. Cell 1 comprises a single transistor and is known as a 
gain cell because a value may be stored within and read from the transistor. The transistor is 
fabricated upon oxide 2 in a silicon-on-insulator (SOI) arrangement. The transistor includes 
10 n-type source region 3, p-type body region 4 and n-type drain region 5. Oxide 6 is disposed 
over gate region 4 and conductive element 7 overlays oxide 6. 

A value is stored and read by manipulating charge carriers within body region 4. To 
improve charge retention, body region 4 may be isolated from adjacent memory cells by 
oxide 6, by the pn junctions between itself, source region 3 and drain region 5, and by 
1 5 shallow trench isolation in front of and behind the plane of FIG. 1 . SOI process technology 
may, however, be undesirable in some instances. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of an FBDRAM memory cell. 

20 FIG. 2 is a cross-sectional view of memory cells according to some embodiments. 

FIG. 3 A is a cross-sectional view of a memory cell illustrating a write operation 
according to some embodiinents. 

FIG. 3B is a cross-sectional view of a memory cell illustrating a write operation 
according to some embodiments. 

25 FIG. 3C is a cross-sectional view of a memory cell illustrating a read operation 

according to some embodiments. 
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FIG. 4 is a top view of a memory cell array according to some embodiments. 
FIG. 5 is a cross-sectional view of memory cells according to some embodiments. 
FIG. 6 is a cross-sectional view of memory cells according to some embodiments. 
FIG. 7 is a cross-sectional view of memory cells according to some embodiments. 
5 FIG. 8 is a block diagram of a memory according to some embodiments. 

FIG. 9 is a block diagram of a system according to some embodiments. 

DETAILED DESCRIPTION 

FIG. 2 is a cross-sectional side view of two memory cells according to some 
embodiments. Memory cells 10 and 20 are disposed adjacent to one another within 
10 substrate 30. Substrate 30 may comprise any currently- or hereafter-known semiconductor 
substrate, including but not limited to silicon. As indicated by FIG. 2, substrate 30 is doped 
so as to include an excess of p-type charge carriers, or holes. Doping methods and materials 
used for each doped structure described herein may comply with any currently- or hereafter- 
known suitable methods and materials. 

15 Memory cell 10 includes body region 1 1, which is doped with an excess of p-type 

charge carriers. The concentration of charge carriers in body region 1 1 is less than the 
concentration of charge carriers in substrate 30, as indicated by their respective "p" and "p+" 
designations. 

Source region 12 is disposed within body region 11, and is doped with an excess of 
20 n-type charge carriers. Drain region 13 is also disposed within body region 1 1 and is doped 
with an excess of n-type charge carriers. The concentration of charge carriers in source 
region 12 is less than the concentration of charge carriers in drain region 13, as indicated by 
their respective "n" and "n++" designations. 

Body region 1 1 and source region 12 form a first pn junction at their interface. 
25 Similarly, body region 1 1 and drain region 13 form a second pn junction at their interface. 
In a case that both the first junction and the second junction are unbiased, a conductivity of 
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the first junction from body region 1 1 to source region 12 is substantially less than a 
conductivity of the second junction from body region 1 1 to drain region 13. Such an 
arrangement may reduce leakage from body region 1 1 to source region 12, thus improving 
charge retention (i.e. the storage of a value) within body region 1 1 . Such an arrangement 
5 may also facilitate the manipulation of charge (i.e., programmability of a value) within body 
region 11. 

Gate oxide 14 is disposed over body region 1 1 and conductive material 15 is 
disposed thereon. Gate oxide 14 may comprise any suitable insulator, including but not 
limited to SiOa, and conductive material 15 may comprise any conductor, including but not 
10 limited to polysilicon. Various layers of metallization and/or dielectric may be disposed 
above memory cell 10 according to some embodiments. 

Memory cell 20 includes body region 21, source region 22, drain region 23, gate 
oxide 24, and conductive material 25, each of which may be substantially similar to their 
identically-named counterparts of memory cell 10. In some embodiments, body region 1 1 is 
15 separated from body region 21 by a shallow trench (not shown). 

FIGS. 3 A through 3C illustrate the operation of memory cell 10 according to some 
embodiments. FIG. 3 A illustrates an operation to write a value to memory cell 10. 
According to the operation, memory cell 10 is operated in saturation to inject p-type charge 
carriers into body region 1 1 via impact ionization. In some embodiments, source region 12 
20 is coupled to ground, conductive material 15 is coupled to a positive voltage, and drain 
region 13 is coupled to a positive voltage so as to cause memory cell 10 to operate in 
saturation. 

FIG. 3A illustrates channel 30 that develops beneath gate oxide 14 during such 
operation. Charge carriers 35 are injected to body region 1 1 because channel 30 is "pinched 
25 off' at drain region 13. The injected charge carriers may represent a stored value of "1", but 
other stored values may be represented by the carriers depending on the chosen convention. 

FIG. 3B illustrates an operation to write a value to memory cell 10 according to 
some embodiments. In this operation, a pn junction formed by body region 1 1 and drain 
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region 13 is forward-biased to eject charge carriers 35 from body region 1 1 . The junction 
may be forward-biased by applying a positive voltage to conductive material 15 and a 
negative voltage to drain region 13 since body region 1 1 is a p-type region and drain region 
13 is an n-type region. After the operation, body region 1 1 may be considered to store a 
5 value of "0", but again, other conventions may be used. 

FIG. 3C illustrates reading a value from memory cell 10 according to some 
embodiments. Channel 30 is shown to indicate that memory cell 10 is operating in a 
substantially linear operational region. Accordingly, memory cell 10 develops a drain 
current that is based at least in part on a concentration of charge carriers within body region 
10 11. The concentration of charge carriers may therefore be determined based on the drain 
current. In some embodiments, the drain current is higher for a higher concentration of 
charge carriers (e.g., representing a stored "1" value), and lower for a lower concentration of 
charge carriers (e.g., representing a stored "0" value). 

FIG. 4 is a top view of memory cell array 40 according to some embodiments. 
15 Memory cell array 40 includes memory cells 10 and 20 disposed in substrate 30. Body 
region 1 1 of cell 10 is separated from body region 21 of cell 20 by shallow trench 50. 
Trench 50 separates each illustrated memory cell from each other memory cell. For 
example, trench 50 separates body region 1 1 from body region 61 of memory cell 60. Such 
separation may improve charge retention within the respective body regions. 

20 FIG. 5 is a cross-sectional view of memory cells 70 and 80 according to some 

embodiments. Memory cells 70 and 80 include halo implants 90, which comprise elements 
that are heavily doped with p-type charge carriers. Halo implants 90 may reduce short 
channel effects during operation of memory cells 70 and 80. In the illustrated embodiment, 
halo implants 90 are doped to a "p+H-" charge carrier concentration in comparison to body 

25 region 1 1 and substrate 30. Many other memory cell configurations may be used according 
to some embodiments. 

For example, FIG. 6 shows memory cells 100 and 110, each of which is 
implemented using a pnp transistor. Accordingly, substrate 120, body region 101, and body 
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region 111 are doped with n-type charge carriers (i.e. electrons), and source regions 102, 
112 and drain regions 103, 1 13 are doped with p-type charge carriers. Relative doping 
concentrations are indicated in FIG. 6, with substrate 120 ("n+") being more heavily doped 
than body regions 101,111 ("n-"), and with drain regions 1 03, 1 1 3 ("p+") being more 
5 heavily doped than source regions 102, 1 12 ("p")- FIG. 7 is identical to FIG. 6 except for 
the addition of halo implants 130 ("n+") adjacent to source regions 103, 1 13. 

Accordingly, some embodiments may be used in conjunction with any memory cell 
having a body region doped with charge carriers of a first type, a source region disposed in 
the body region and doped with charge carriers of a second type, and a drain region disposed 

10 in the body region and doped with charge carriers of the second type. Moreover, the body 
region and the source region form a first junction, the body region and the drain region form 
a second junction, and a conductivity of the first junction fi*om the body region to the source 
region in a case that the first junction is unbiased is substantially less than a conductivity of 
the second junction fi:om the body region to the drain region in a case that the second 

1 5 junction is unbiased. 

FIG. 8 is a block diagram of memory 200 according to some embodiments. Memory 
200 includes memory cell array 210, horizontal decoder 220, I/O unit 230 and timer 240. 
Memory cell array 210 may include many memory cells such as those shown in FIGS. 2, 5, 
6, and/or 7. For example, a 32 kB memory array may include 256 columns of 128 memory 
20 cells each. 

Horizontal decoder 220 may control signals applied to the gate and drain of each 
memory cell of memory cell array 210. I/O unit 230 may include devices to read values 
stored by the memory cells. In this regard, timer 240 may provide suitable timing for the 
signals described herein. 

25 FIG. 9 illustrates a block diagram of system 300 according to some embodiments. 

System 300 includes integrated circuit 302 comprising sub-blocks such as arithmetic logic 
unit (ALU) 304 and memory 200, which serves as an on-die cache. Integrated circuit 302 
may be a microprocessor or another type of integrated circuit. Integrated circuit 302 
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communicates with off-die cache 306 according to some embodiments. Off-die cache 306 
may also comprise a memory such as memory 200. Integrated circuit 302 may 
communicate with system memory 308 via a host bus and chipset 310. System memory 308 
may comprise any type of memory for storing data, such as a Single Data Rate Random 
5 Access Memory, a Double Data Rate Random Access Memory, or a Progranmiable Read 
Only Memory. Other off-die functional units, such as graphics controller 312 and Network 
Interface Controller (NIC) 3 14, may communicate with integrated circuit 302 via 
appropriate busses or ports. 

The several embodiments described herein are solely for the purpose of illustration. 
10 Embodiments may include any currently or hereafler-known versions of the elements 

described herein. Therefore, persons skilled in the art will recognize from this description 
that other embodiments may be practiced with various modifications and alterations. 
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